Introduction: Prevention or control of oral mucositis during cancer therapy can lead to better treatment outcome. The present study was aimed to evaluate the effect of high dose oral ascorbic acid on severity of oral mucositis induced during treatment period. Methods: After informed consent, patients of both the gender with age 18-70 years, were divided into: Group A (n=19) served as controls with no intervention, Group B (n=20) undergoing chemo-radiotherapy and Group C (n=20) receiving conventional radiotherapy. Subjects in group B and group C received varying oral doses of vitamin C (2, 3 and 4 g). The therapy initiated 48 h before the onset of cancer treatment. Intensity of oral mucositis was analysed on day 0, 7, 14, 21, 28 and 35, using WHO grading of oral mucositis by a radiation oncologist. Results: One-Way ANOVA revealed only mild mucositis in experimental group B and C when compared to group A (control) and significant reduction in mucositis in-group B and C with 2 g and 4 g. WHO grade 4 mucositis were less reported in ascorbic acid supplementation groups. Radiotherapy group (Mean SD 3.2+ 1.64) performed better than the chemo-radiotherapy group (Mean SD 3.7 + 1.38). Over all, those receiving 4gm (mean SD 1.3) had shown significantly better scores than those with 2g (mean SD 3.38) and 3 g (mean SD 4.19).
INTRODUCTION
Oral mucositis is a predictable representation during the treatment of head and neck cancers. The term oral mucositis, depicts inflammation of the oral mucosa invariably independent of lesions with various other pathogenic squeal, commonly called stomatitis. 1, 2, 3 The entire gastrointestinal epithelium along with oral cavity, is affected by radiotherapy or chemo radiotherapy induced mucositis. The incidence and severity is directly proportional to the dose, nature and frequency of treatment employed coupled with host factors. The result of radiation mucositis is by free radical release upon irradiation and direct tissue injury arising from DNA damage. 4, 5, 6 This usually results in stomatodynia, dysphagia, changes in taste perception and xerostomia. Secondary bacterial, viral and fungal infections form another spectrum of the mucositis associated illness. 4, 5, 7 Chemotherapy during cancer treatment has pronounced effect on DNA synthesis and effects THE cells during the S phase of cell cycle. The agents commonly employed are cisplatin, carboplatin, 5-fluoro-uracil and methotrexate for oro-pharyngeal cancers. Large bolus and continuous infusions of these agents have shown marked adverse effects particularly inducing rapid mucositis. The incidence of such occurrence is about 76% in chemotherapy and approximately 30-60% in radiotherapy employed individuals. The incidence raises to about 88-90 % when concurrent chemo-radiotherapy is given as treatment. [3] [4] [5] [6] [7] Antioxidants in the form of vitamin supplements may be selective radiation modifying agents that do not show much adverse effects but exert their influence selectively on cancer cells. Despite reservations on their usage during treatment, about 70% of patients consume micronutrients containing various FDA approved doses of vitamin A, vitamin C and polar carotenoids under the supervision of oncologists and sometimes over the counter. [7] [8] [9] [10] [11] Exhaustive literature survey listed many antioxidants, such as beta-carotene, vitamin E and vitamin C in combination, glutamine, lysofylline, selenium, glutathione that were employed with variable degree of success in prevention or treatment of oral mucositis. Only zinc supplements were favored and suggested for oral mucositis till date according to guidelines of MASCC/ ISOO. (Vitamin C, a water-soluble nutrient, has shown wide antioxidant and wound healing capacity. It has been widely used in scurvy patients but its potential use during conventional chemo-radiation and its cumulative effects were little known. Limited invitro data suggested that when this vitamin was used at high concentrations, the efficacy of certain chemotherapeutic agents increased in animal models. 12 Recommended daily allowance ( RDA) for Ascorbic acid is 90 mg per day for men and 75mg per day for women, upper limit is set at 4 g per day. It has been suggested that the intake to achieve therapeutic tissue concentration in normal people should be several times higher than RDA. 4, 9, 10, 12 Vitamin c (ascorbic acid) of 500mg twice daily regime is the drug for scurvy. Considering the wound healing and collagen formation properties of the vitamin for oral mucositis, this study was undertaken to possibly demonstrate the effect of oral ascorbic acid from 2 g to 4 g daily dose during chemo-radiotherapy. Our primary aim and objective was to assess the severity of oral mucositis during chemo-radiotherapy for oral cancer. In addition, to compare the effect of oral vitamin C, 2g, 3 g and 4g at increasing dosages oral supplementation during chemo-radiotherapy induced oral mucositis with suitable controls.
MATERIALS AND METHODS
A pilot study was initially conducted on a small group by increasing concentrations of vitamin c orally in non-chewable form from 500mg until perceivable clinical benefit of reduced oral mucositis was noted. The sample revealed that there was no effect of the vitamin with doses of 500mg till 2 g on oral mucositis. This standpoint marked the commencement of the present study employing 2g, 3g and 4g of oral ascorbic acid and assessed for changes in the severity of oral mucositis during cancer-chemo and/or radiotherapy. WHO clinical grading of oral mucositis was used after obtaining informed consent. The present study was a randomized controlled trial undertaken in MNJ institute of oncology and regional cancer center after obtaining the ethical clearance bearing number: ECR/227/ INSP/AP/2014 and clinical trial registry number: NCT02868151. The pilot study period was for a period of 8 months.
The patients of either gender with age group between 18 to 70 years were recruited from the respective center after obtaining written consent from department of radiation oncology undergoing Chemo and/or radiotherapy of oral and oro-pharyngeal cancers using a random stratified sampling method by computer generated sample score. The patients were not blinded about the intervention and they were allowed free will to choose which intervention they would prefer. The sample size was determined based on the prevalence of oral mucositis in the region and attending hospital. Total numbers of 59 patients were included in the study. The patients were assigned into 3 different groups i.e. Group A and Group B and Group C. 1. Group A patients (n=19) served as control arm in whom standard protocol for oral mucositis treatment was being implemented in the cancer hospital with no intervention from the investigator. 2. Group B patients (n=20) undergoing chemo-radiotherapy with weekly once cisplatin 50mg and standard conventional radiation dose between 44-66 Gy were divided into 3 subsets: 2 g of ascorbic acid intervention, 3 g of ascorbic acid intervention and 4-g intervention subsets. The therapy commenced 48 h before the initiation of radiotherapy and continued for the entire treatment. After the cessation of cancer treatment, the dose of vitamin C was reduced to half of its initial dose over a 4-week period and was gradually stopped. The total period of vitamin therapy was 2 months. The regular standard treatment continued without cessation during entire trial.
3. Group C patients (n=20) receiving only conventional radiotherapy between 44-66 Gy for various oral and oro-pharyngeal cancers were again divided into three small subsets having intervention of 2 g, 3 g and 4 g of ascorbic acid orally. The therapy was initiated similar to chemo-radio therapy group and followed up till 4-week period post cessation of therapy with tapering dose. The radiotherapy dose was calculated for each carcinoma individually and a hyper fractionated dose was given at 2 cGy per day, five days a week for a total dose of 44-66 Gy. Subjects in all the groups were monitored for oral mucositis as per WHO grading from the day of initiation of treatment until the treatment cessation. 13 Grade 0 = No oral mucositis, Grade 1 = Erythema and Soreness, Grade 2 = Ulcers, able to eat solids, Grade 3 = Ulcers, requires liquid diet (due to mucositis), Grade 4 = Ulcers, alimentation not possible (due to mucositis) The Exclusion criteria were patients with known allergy to vitamin C, with G6PD deficiency and those with renal failure. All patients were evaluated biochemically and hematologically for renal functions at every week. Any adverse effects with the high dose of vitamin c were noted down and evaluated if any emergency basis. All patients were at liberty to withdraw from the study at any given point of time. Data was analyzed using Microsoft excel and SPSS version 20.0 software. Demographic characteristics of the patients, tumors, radiation dosage were compared between the groups. To assess the severity or intensity of oral mucositis, one-way ANOVA was used. Then, further to compare the groups, Mann-Whitney U test was used. All the statistical tests were two-tailed with level of significance set at 5%.
RESULTS
Originally, 59 patients were selected for investigation and as study progressed, 1 from group A and 1 from group B were excluded from the study when it is half way through because of death of the individuals. Consequently, there were 18 patients in Group A, 19 in Group B and 20 in Group C, where the latter groups were provided with vitamin C supplementations. (Table 1,  Table 2, Table 3 ) At the beginning of this trial, none of the patients had shown symptoms of oral mucositis. By 7 th day the intensity of oral mucositis, increased to 2.2 (mean of mucositis severity score) in those who were receiving 2gm/day of vitamin C supplementation, whereas this intensity increased up to 2.7 in those receiving 3gm/day and then with increased dosage up to 4gm/day, the severity decreased to 1.7. There was statistically significant difference (p<0.05) was found in mucositis intensity on day 7, 21, 28 and 35 among those receiving different doses of vitamin C, except on day 14 which was not significant (p>0.05) ( Table. 4 ). When severity of mucosa was compared among patients from different groups, statistically significant difference was found between the groups only on day 14 and 21, with p value < 0.05, and no difference was observed between groups on day 7, 28 and 35 (p= 0.404; 0.704; 0.275) ( Table 5 ). When severity of mucositis was assessed, milder mucositis was observed in experimental groups i.e. group B and C when compared to group A (controls) which had shown severe mucositis. When severity of mucositis was assessed in terms of vitamin C supplementation i.e. dosage levels, patients those receiving 2gm/day had shown mucositis mean intensity of 1.47, patients receiving 3gm/day had shown 1.64 and those receiving 4gm/day showed mean intensity of 1.33. There were significant differences found (p<0.05) among the dosage levels which means with increase in dose, there is decrease in severity of oral mucositis (Table 6 ).
DISCUSSION
Oral cavity lining is complex and can be considered susceptible target for treatment related toxicity. It is highly susceptible to direct and indirect toxic effects of ionizing radiation and chemotherapy and elements of oral microbial environment. 14, 15, 16, 17 . Oral mucositis is a common, debilitating complication that occurs in about Ascorbate (Vitamin C), as an agent in cancer treatment, it has convoluted history. Even though with divided opinions, vitamin C and its capability for cancer treatment, many had reported improvement in quality of life. 23, 24 Cameron and Campbell, treated patients with variety of advanced cancers with high doses of both oral and i.v. ascorbate and suggested that there is possible survival benefit when vitamin C was supplemented in cancer treatment for patients with advanced cancer. 25 Jacobs et al. opined that evidence regards ascorbate's supplementation and its role in improvement of quality of life and reduction of toxicity of chemotherapy is not strong enough. They also emphasized the need of welldesigned studies for further exploration in this topic. 26 The literature search has revealed total of six studies using oral ascorbate among which three were randomized control trials (RCTs), one each were phase II study, observational study and a case report. [27] [28] [29] [30] [31] [32] In RCTs, patients with advanced cancers of all types were included and the dosage of oral ascorbate ranged from 1 gm to 10 gm with mean dose of 6.3 gm. [27] [28] [29] [30] [31] The outcome from these studies reported as overall survival and overall response and safety in one study. 30 However, neither of these studies reported secondary outcomes of difference regarding quality-of-life or toxicity outcomes in patients. In one study, where ascorbate was used in combination with chemotherapy group has showed greater improvement than just with chemotherapy alone, and also reported change in tumor diameter in combination 29 Until date, to the best of our knowledge, no studies were carried out about oral ascorbic acid (vitamin C) and its role in the reduction of severity of oral mucositis in patients receiving CRT. This trial was designed to evaluate the effect of vitamin C administered at different doses (2, 3 and 4 g) on oral mucositis thus, possibly explore its role in prevention/treatment of the same during chemo and/or radiotherapy. Prasad KN et al. have discussed about micronutrient protocol and proposed high doses of dietary antioxidants such as vitamin c as adjunct to radiotherapy. 4 Based on human studies, oral supplementation with vitamin C doses up to 10g/ day is considered as high dose and have been used in human cancer treatment without toxicity. 28, 33 In present study, all patients were informed to take supplements daily at equal doses. In this study, 500mg tablets of vitamin C were used. In patients receiving 2gm/ day dose (i.e. 4×500 mg), were informed to take two tablets in morning and remaining one-half dose in evening. Likewise, those receiving 3gm and 4gm, their rationale was also divided equally. The rationale for taking the micronutrient throughout the day was based on the biological half-life of the vitamin C tablet i.e. 4-6 h. This supplementation of vitamin C was started two days prior to initiation of standard therapy and continued for a period of over one month (≈ 35 days). At regular intervals, the extent and severity of oral mucositis was recorded. Grading of mucositis was performed by a trained specialist on day 1 before treatment, and then followed on day 7, 14, 21, 28 and 35. The score was assessed, as per WHO toxicity grading criteria 34, 35 The present study showed that even though oral supplementation did not decrease incidence of oral mucositis, it decreased the intensity of mucositis in patients. When the severity of mucositis was assessed among the groups, it seemed to be milder in those patients receiving radiotherapy, than those receiving chemoradiotherapy, whereas patients from control group not receiving vitamin C supplementation had shown more severity of mucositis (Graph 1). This decrease in severity of mucositis among groups when compared to controls suggests that vitamin C supplementation might decrease mucositis intensity. With respect to radiation mucositis following vitamin C supplementation, our findings showed constant increase in intensity of mucositis till 28 th day (Mean score 3.28) and further decrease at end of 35 th day (2.88). Results were same for those receiving CRT, with less difference between 28 th and 35 th day (Graph 1). In this study, no significant difference was found in the improvement of radiation mucositis, in fact there was increase in intensity of mucositis with mean score of 2.56 when 2gm/day is given, which then increased to 3.21 in those supplemented with 3gm/day. But significant difference was observed in radiation mucositis (mean score of 1.91) for those who received 4gm/day vitamin C supplementation. Similar findings were also observed for patients under CRT with oral supplementation with lesser reduction in oral mucositis compared to control group (Graph 2). The possible reason behind increase in intensity of oral mucositis with increase in dose of vitamin C (2gm to 3gm/day) is that low doses of individual antioxidants may be confounding factors with variable host defense, microbial invasion that may have contributed to such a finding. With further increase in dosage to 4gm/day, we observed a significant decrease in intensity of mucositis, which showed the reduction of toxicity on normal cells when compared to lower dosages.
Limitations and Scope for improvement
Few possible limitations were, in current study serum analysis of vitamin c were not considered due to cost burden and also microbial testing when analyzing the effectiveness of vitamin C in preventing the oral mucositis. Furthermore, to test its efficacy it is important to test with recommended criteria laid down by International Academy of Oral Oncology. Moreover, single specialist supervision further highlighting the deficit of testing inter-observer variability performance. The findings of present trial had shown that use of oral vitamin C supplementation, particularly when consumed at high concentration i.e. 4gm/day can significantly decrease in intensity of mucositis in patients who suffer from oro-pharyngeal cancers and are under radiotherapy and CRT. No further side-effects were reported and the administered drug was proved easy and safe to use.
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